To ensure the structural integrity of composite materials, honeycomb sandwich panels must be inspected for defects with through-transmission ultrasonic testing. This study focused on the root causes analysis of disbonds and unidentifiable ultrasonic indications on composite materials. Disbonds is a condition that lack of adhesion between ply and core. Unidentifiable ultrasonic indications define as an unknown defect which can only identified after remove the peel ply. In this study, Minitab 16 and SPSS 16 are used in analyzing the potential causes that influences the disbonds and unidentifiable ultrasonic indications. The root causes of disbonds are core crush and core crack. Core crush and core crack may caused by high localized loads or high compaction pressure. For unidentifiable ultrasonic indications, the root cause is adhesive flood at core. Imperfect compaction pressure leads to the uneven flow of adhesive. For the area have lower pressure, probability for adhesive to accumulate is higher. Pleated or dog ear method can be implemented in bagging process to ensure better compaction mechanism. Operators must be trained and educated for better performance.
Introduction
The purpose of this study is about the root cause analysis of disbonds and unidentifiable ultrasonic indications on composite materials. This study has focused on defects analysis and analyzing the underlying root causes of both defects. Disbonds in composite materials can be defined as a lack of adhesion between ply and core. Unidentifiable ultrasonic indications can be defined as an unknown defect which can only identified after remove the peel ply from the affected area. The structural integrity of composite materials can be weakened by the manufacturing defects. Root cause of disbonds and unidentifiable ultrasonic indications must be investigated so the certification of the composite materials can be instituted to ensure their structural integrity throughout the service life of the aircraft. It is very important to understand the root cause of defects occurring in composite materials to improve the quality of composite materials, thus increasing the yield production, reducing the number of scrap and reducing the number of rework in return for greater profit to company. Finally, the composite material panels are used widely in aircraft applications due to its high strength-to-weight ratio is particularly valuable [1, 2] . Figure 1 , shows an example of the type of defect that commonly occurred in composites panel.
Fig. 1, Photography of disbonds due to bridging of adhesive
The hand layup process is the critical process in composite manufacturing. Usually, composite material defects occur more frequently in parts manufactured by hand layup [3, 4] . During the hand layup process, the adhesive properties can be affected by contamination, incorrect cure conditions for the adhesive and human factor. The large number of steps makes the hand layup process become slow and tedious. The hand layup process is manual, needing trained operators. Hence, quality of composite materials can be variable and subject to operator differences.
Problem Statement
Defects problem is the most critical problem in the composite materials manufacturing. In reality, zero defects are impossible to achieve. The only thing we can do is minimize the defects number and impact. Hence, it is very important to know the root cause of defects. Root cause analysis can be used to identify the origin of a problem. The reduction of defects tends to increases the yield production thus leading to greater profit and lower material wastage. The data is collected and analyzed. These data concern about the disbonds and unidentifiable ultrasonic indications. Investigation is carried out to find out the root causes of these defects. Recommendation is needed to reduce the number of defects. Root cause analysis of disbonds and unidentifiable ultrasonic indications are useful tools to ensure composite materials structural integrity.
Root Causes Analysis for Disbonds
The Pareto chart in Figure 2 , shows the relatively frequency of root causes for disbonds in rankorder. The core crush has the highest frequency to occur during the composite materials manufacturing. Core crack have a high frequency to causes the disbonds compare to other root cause. Hence, the core crush and core crack warrant the most attention in order to reduce the quantity of disbonds.
Disbonds occurs because the adhesive is bridging. Bridging of adhesive is a condition where adhesive span a radius, step or chamfered edge of core creating a void between plies and core. The radius bridging is more than 0.5 inch long. Figure 3 , contains bar which use to represent the quantity of causes for unidentifiable ultrasonic indications [5] . The adhesive flood at core has the highest frequency. Hence, it is the most important root cause of unidentifiable ultrasonic indications. Therefore, the adhesive flood at core is warrant the most attention. By solving adhesive flood at core, 72% of unidentifiable ultrasonic indications could eliminate. 
Use of FMEA
As part of the investigation using failure mode and effects analysis (FMEA) imperfect compaction pressure, improper handling of core material, quality of panels coming from the previous operations, moisture content and storage life of the material are identified as causes of rejects. Hence, a thorough study is carried out to identify the actions to reduce the rejects. The findings are shown in Table 1 , the subsequent actions taken result in a decrease of number of rejects.
Result and discussion
The experience gained from the pareto chart analysis and cause and effect diagram is applied to the failure mode and effects analysis (FMEA). As a result, a improvement is made to the process in that the failure rate is substantially reduced. The quantity of disbonds reduces from 34 to 15. This is an obviously improvement. The rate of reduction for disbonds is about 55.88%. For unidentifiable ultrasonic indications, the rate of reduction is about 47.22%. The quantity of unidentifiable ultrasonic indications reduces from 36 to 19. Based on the findings of this study it is therefore, suggested high cost of materials in composite motivates composite materials manufacturer to minimize or eliminated the amount of defects created. By refer to the total defect of related to disbonds and unidentifiable ultrasonic indications are the severe defects. In order to reduce the cost, the disbonds and unidentifiable ultrasonic indications should be minimized or eliminated at all stages of the composite material manufacturing.
